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The ground state baryons
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Why Nuclear Collisions?

 Nuclear collisions at RHIC and LHC equilibrate s-quarks 
thermally and chemically.
 All possible hadronic states made of (u, d, s) quarks should be 

produced “copiously”.

 Production of hadrons from deconfined (QGP) phase should 
facilitate production of non-molecular multi-quark states, if they 
exist.

 Study of two-particle interactions should be possible, because 
hadron pairs of all kinds are produced copiously within a small 
volume.

 Large and growing datasets exist.

 Powerful detectors with excellent particle-ID are available.
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Part 1
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Theorists’ dreams
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Theorists’ dreams I
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The Historic
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Brief Interlude
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Why the “H” is really the “Ετα”

The η meson is a S=0, I=0 hadron with B=0

The H di-baryon is a S=0, I=0 hadron with B=2

But even Bob Jaffe gave up on fighting for the “correct” pronunciation.
Besides, who cares if the particle does not exist.....
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Theorists’ dreams II

7

Note: Assumed QGP source radius (2.4 fm) is too small → resonance effect is overestimated.
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Theorists’ dreams III
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The Bold

The Smart
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Theorists’ dreams IV
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The Professional
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What we know
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Λ Hypernuclei
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Τ. Νagae J. Millener
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STAR
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N. Shah
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ALICE
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ALICE

B. Dönigus
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The 3-D nuclear isotope chart
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What’s missing?
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A record for all eternity?
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S = -3

Almost 40 years of experimental efforts
have not resulted in the discovery of
a state with |S| > 3.

Is this like the 4-minute mile, or has 
Nature set up unsurmountable obstacles?
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Theorists hard at work
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BB channels (S = 0,-1,-2)
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T. Rijken
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Nijmegen ESC model I
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Hyperon sector
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2-particle correlations
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Source is revealed through quantum statistics and final-state interactions.

Usual (Gaussian) source functions imply many approximations;
pair purity is also an important issue.

For BB correlations, low-energy expansion (a, r0) of full S-matrix required.

R. Lednicky
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ΛΛ interaction
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A. Ohnishi
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Model predictions
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Preferred results:

1/a < − 1 fm-1

reff > 3 fm.
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Potential from NBS wave function

29

T. Inoue
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BB interaction from LGT
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Attempt to estimate SU(3)F breaking effects using LGT
potentials puts H bound by 3 MeV below the NΞ threshold.
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H Di-baryon in LGT
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ΩΩ scattering on the lattice
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Ω-

Ω-Ω-

J. Wasem
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Exotic hadron yields are not small !
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C.M. Ko
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Why we may soon 
know more
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The onslaught
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CLAS
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CLAS
L. Guo
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FINUDA
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FINUDA'

E. Botta
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Hyper-heavy hydrogen
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HypHI @ GSI/FAIR
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T. Saito
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J-PARC
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T. Nagae

Friday, March 2, 12



The Question
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Nu Xu: Is it enough to measure ΛΛ correlations,
or do we need to also measure ΞΞ correlations?

My response: The ΛΛ system has different quantum
numbers than the NN system, and it is the pathway
to the H di-baryon, if it exists. It’s important.
The ΞΞ is just a copy of the NN system with different 
quark masses. It’s relatively boring.

This was one of the stupidest answers I have given!
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The string landscape
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The anthropic principle
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P(our existence) =
       P(our existence | fundamental parameters)
       × P(fundamental parameters)

Fundamental parameters:
coupling constants
quark and lepton masses
mixing angles
VEV’s

Dependence on quark masses is least well known.
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Are quark masses constant?
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Variation of Fundamental Couplings and Nuclear Forces
Silas R. Beane, Martin J. Savage

(Submitted on 12 Jun 2002 (v1), last revised 16 Jul 2002 (this version, v2))

The dependence of the nuclear force on standard model parameters plays an important role in 
bounding time and space variations of fundamental couplings over cosmological time scales. We 
discuss the quark-mass dependence of deuteron and di-neutron binding in a systematic chiral 
expansion. The leading quark-mass dependence of the nuclear force arises from one-pion exchange 
and from local quark-mass dependent four-nucleon operators with coefficients that are presently 
unknown. By varying these coefficients while leaving nuclear observables at the physical values of the 
quark masses invariant, we find scenarios where two-nucleon physics depends both weakly and 
strongly on the quark masses. While the determination of these coefficients is an exciting future 
opportunity for lattice QCD, we conclude that, at present, bounds on time and space variations of 
fundamental parameters from the two-nucleon sector are much weaker than previously claimed. This 
brings into question the reliability of coupling-constant bounds derived from more complex nuclei and 
nuclear processes.

Comments:16 pages LaTeX, 4 eps figs, 12 ps figs
Subjects: High Energy Physics - Phenomenology (hep-ph); Astrophysics (astro-ph); High Energy Physics - Lattice (hep-
lat); High Energy Physics - Theory (hep-th); Nuclear Theory (nucl-th)
Journal reference: Nucl.Phys. A713 (2003) 148-164
DOI: 10.1016/S0375-9474(02)01268-X
Report number: NT@UW-02-015
Cite as: arXiv:hep-ph/0206113v2
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Mass dependence of the cosmos
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Nuclear Astrophysics of Worlds in the String Landscape
Craig J. Hogan

(Submitted on 6 Feb 2006 (v1), last revised 7 Dec 2006 (this version, v4))

Motivated by landscape models in string theory, cosmic nuclear evolution is analyzed allowing the 
Standard Model Higgs expectation value w to take values different from that in our world (w=1), while 
holding the Yukawa couplings fixed. Thresholds are estimated, and astrophysical consequences are 
described, for several sensitive dependences of nuclear behavior on w. The dependence of the 
neutron-proton mass difference on w is estimated based on recent calculations of strong isospin 
symmetry breaking, and is used to derive the threshold of neutron-stable worlds, w ~ 0.6+/- 0.2. 
The effect of a stable neutron on nuclear evolution in the Big Bang and stars is shown to lead to 
radical differences from our world, such as a predominance of heavy r-process and s-process nuclei 
and a lack of normal galaxies, stars and planets. Rough estimates are reviewed of w thresholds for 
deuteron stability and the pp and pep reactions dominant in many stars. A simple model of nuclear 
resonances is used to estimate the w dependence of overall carbon and oxygen production during 
normal stellar nucleosynthesis; carbon production is estimated to change by a fraction ~15(1-w). 
Radical changes in astrophysical behavior seem to require changes in w of more than a few percent, 
even for the most sensitive phenomena.

Comments: 11 pages, Latex, to appear in Phys. Rev. D
Subjects: Astrophysics (astro-ph); High Energy Physics - Phenomenology (hep-ph)
Journal reference: Phys.Rev. D74 (2006) 123514
DOI: 10.1103/PhysRevD.74.123514
Cite as: arXiv:astro-ph/0602104v4
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How ΞΞ would help
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NN:   (ud)u  ↔  (ud)d

ΞΞ:    (ss)u  ↔  (ss)d

We cannot change the u/d 
quark masses, but we can 
replace u/d by s !

Exploring the ΞΞ interaction is as close as we will ever
get to verifying theoretical predictions for the quark 
mass dependence of nuclear forces.
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The Future
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The quest continues....
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The Future
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for the H di-baryon graduated.”

The quest continues....

Friday, March 2, 12



The Future
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